Introduction: Postburn contracture (PBC) is one of the common sequelae encountered after burns in general surgical practice. Surgical management of such deformities involves release of contracture followed by cover by skin graft or skin flap. Optimum management of PBCs has always been a challenge to the surgeon because of paucity of adequate healthy skin in the affected areas. Various operative techniques are available, and the surgeon has to decide which particular technique will be more suitable for a particular patient. We have employed the techniques of release by Z-plasty, and release and skin grafting in managing PBC involving upper extremity, and this study is based on our experience with these techniques.
INTRODUCTION
Burn trauma constitutes the second most common cause of trauma-related deaths after road traffic accidents. [1] Although survival of a person having sustained extensive burns is the immediate concern of a treating physician, the restoration to preinjury status is more desirable. Burns of the upper extremity may severely limit function by making job performance difficult or sometimes impossible. Inadequate splinting and rehabilitation after burn injuries invariably result in debilitating postburn contractures (PBCs) that impair functional abilities of the involved limb. Superficial burns may not produce functional deformity, but deep second-degree or third-degree burns usually produce deformity after immediate treatment. Moreover, if proper application of splints and pressure garments is not employed by the patient, debilitating contractures result. The ultimate aim of management is to ensure preinjury quality of life. [2] The choice of surgical procedure must be individualized in every patient. Therapeutic measures include skin grafting, Z-plasty, and flaps, which may be local, distant, or rarely microvascular performed by a reconstructive surgeon. However, reconstructive surgeon may not be available in a peripheral/district hospital, where many of burn casualties report to a general surgeon for management. Hence, this study was undertaken by a general surgery resident under the supervision of a reconstructive surgeon in a teaching hospital for clinical evaluation of all cases of PBCs affecting the upper extremities and to evaluate relatively simpler technique of skin grafting and Z-plasty in managing such cases.
MATERIALS AND METHODS
This study was undertaken between July 2012 and September 2014 in 100 patients having PBCs of upper extremities who were admitted in the surgical department of a teaching hospital. Pro forma included demographic data, duration of contracture, site and type of contracture, severity of deformity, surgical technique employed, and time taken for rehabilitation.
Inclusion criteria
All cases of PBCs affecting upper extremity reporting in the surgical outpatient department (OPD) were included in the study.
Exclusion criteria
• Complex postburn deformities of the hand involving tendons and joints • PBCs of duration <6 months where scar was not yet matured.
Method
All the patients enrolled in the study were clinically evaluated regarding extent and severity of contracture.
Nature of scar and deformity produced over shoulder, elbow, wrist, and hand was noted, and movements at various joints were evaluated preoperatively, postoperatively, and subsequently during follow-up.
Patients were counseled regarding the surgery to be performed. Z-plasty procedure was carried out if the contracture was found to be a linear band with healthy skin around the contracture band. However, if the patient had a broad, dense-scar contracture, it was released/ excised to achieve correction.
Meticulous hemostasis was achieved followed by covering the raw area by skin graft. Tie-over dressing was done in all such cases, and correction was maintained by Plaster-of-Paris splint application in corrected position till skin graft got consolidated. Full-thickness skin graft (FTSG) was used after the release of contracture affecting palm or working surface of digits. Z-plasty was also employed for release of web contracture.
Split skin graft (SSG) was harvested from thigh, and FTSG was harvested from groin crease area.
First dressing was changed on postoperative day 5, followed by dressings on alternate days till skin graft got consolidated. Patients undergoing Z-plasty technique stayed in hospital till removal of sutures and cases managed by skin grafting stayed in hospital till graft got consolidated. Follow-up was carried out every 15 days on OPD basis for 2 months, followed by monthly basis till 6 months. After achieving healing of the operated part, patients were advised to apply coconut oil (moisturizer) over donor and recipient areas twice a day and to use pressure garments regularly for almost 23 h/day for 6 months.
After correction of contractures involving axillary region, patients were advised to apply night splints to maintain 90° abduction at shoulder. Elbows were maintained in full extension, wrists in 30° dorsiflexion and for hand, metacarpophalangeal joints in 90° flexion, and interphalangeal joints in full extension. Patients were encouraged to move the affected joints and apply pressure garments.
Visual analog score (VAS) was recorded for patient satisfaction at the time of discharge and later visits. During follow-up, each patient was assessed for correction of deformity, ability to perform daily routine activities, and fitness to resume duties at his/her workplace. Duration of hospital stay and time taken for rehabilitation was recorded for comparative evaluation.
OBSERVATIONS

Type of contracture
Out of 100 cases of PBCs, 23 cases had axillary contractures (23%). Details of the site and type of contracture are detailed in Graph 1.
Thirteen of these contractures were found to be involving anterior or posterior axillary folds (56.52%), and rest of ten patients had contractures involving axillary dome as well (43.47%) [ Figures 1 and 2 ]. Axillary contractures were classified as type-1, where anterior or posterior axillary fold was involved, type 2 where both anterior and posterior axillary folds were involved but sparing the dome, and type 3, those obliterating the axilla. [3] Elbow region was affected in 17 cases (17%), and in 16 of these, flexor aspect was involved (94%) whereas extensor aspect was affected in only one patient (6%) [Figures 3 and 4 ]. The contractures affecting elbow region were classified based on extensor lag. Cases having extensor lag up to 45° were considered mild, those having extensor lag of 45-90° were labeled moderate, and elbow contracture resulting in extensor lag beyond 90° was considered severe.
The wrist area was involved in 20 cases (20%), and in 16 of them, flexor aspect was affected (80% 
Type of surgery
We carried out the following surgical procedures depending on the site, size, and nature of scar contracture: contracture elbow, 5 cases of first web contracture hand (10.86%), and 6 cases (13.04%) of contracture affecting digits. However, as many as 51% of the cases were managed by release/excision of scar/contracture and soft-tissue cover by SSG. These cases included axillary region 10 cases (43.47%), elbow region 11 cases (64.70%), wrist area 20 cases (100%), and hand 10 cases (21.73%). Contracture release and cover by FTSG were employed in 19 cases (41.30%) where the defect was on working surface of the digits/palm.
Visual analog score for patient satisfaction
Patient satisfaction [Graph 2] was calculated at the end of 1 and 6 months. Patients were enquired about range of movements across affected joints, function, ability to perform routine household chores/ability to perform preinjury function, and cosmetic appearance of the operated part. We found that patient satisfaction was much better (mean 6.83 at the end of 1 month which improved to 8.06 by 6 months) in cases where Z-plasty was carried out. VAS was comparatively low in SSG group (mean 5.33). Group of patients who underwent cover by FTSG had VAS score of 7.15 and P < 0.0001.
Post surgery hospital stay
Average hospital stay [Graph 3] was found to be least for Z-plasty group (9.40 days) whereas patients in FTSG and SSG group had longer stay (14.15 and 15 days, respectively) in the hospital before they could be discharged and P < 0.0001.
Recurrence of deformity
Full correction of deformity was achieved in all the cases on operation table, and subsequent maintenance of this correction was assessed critically during follow-up. Cases where deformity recurred and range of movements at particular joint diminished subsequently were labeled to have developed recurrence. Out of 100 patients evaluated in this study, only 4 patients developed recurrence. There was no recurrence in Z-plasty group. Recurrences were observed in 4 cases managed by release and SSG (P < 0.001) and hence statistically significant.
DISCUSSION
Hand and upper extremity burns are the leading cause of impairment of function following major burns trauma. Loss of hand use may result in impairment up to 95% function of upper extremity and up to 57% loss of function of the body. [4] Despite advances in the management of acute thermal injuries, contractures still occur, and burn trauma happens to be the most common cause of skin contracture in hand. [5] We present in this series two of the basic The disability produced by axillary contracture may vary from limitation in abduction at shoulder to full adduction, and the arm may be plastered against the lateral chest wall. Karki et al. studied 44 cases of PBCs involving axillary region and found anterior axillary fold involvement in 8 (18.18%) and postfold involvement in 10 (22.72%) cases. [3] In our study, we found type-1 axillary contracture in 13 (56.52%) of cases and type-3 contracture in 10 (43.47%) cases. Type-1 cases were managed by release by multiple Z-plasty techniques. Hirshowitz and Karev recommended 5-flap Z-plasty technique for such contractures. [6] In our series, we had 17 cases of elbow contractures, and 16 of them (94%) had contracture on the flexor aspect whereas extensor aspect was involved in only one case (6%). Six of these flexion contractures (35%) presented as semi-lunar shaped linear scar creating a pocket. These were managed by 5-flap Z-plasty technique and rest of the cases (65%) by release and SSG. Balamuka et al. in their study found the involvement of flexor aspect of the elbow in all cases, and 50% of them were managed by release and SSG. [7] Wrist and hand contractures are equally disabling, and deep burns of hands may cause crippling claw hand deformity if burns involve metacarpophalangeal region. There were 20 cases of burns where wrist area was involved and as many as 46 patients had contractures involving hands. We managed all cases of contractures involving wrist area by release/excision of scar and SSG. Gulati et al. in a report of 218 cases of hand contractures applied Joshi External Stabilizing System external fixator after conservative release of contracture to achieve correction of deformity. [8] For the management of burn contracture of hands, the treating surgeon should attempt to restore function of the hand rather than only cosmetic correction. First web contracture is noticed quite frequently in hand burns resulting in limitation of grasp function. We employed the 5-flap Z-plasty technique for correction of this deformity with gratifying results. Contracture involving working surface of digits was managed mainly by excision of contracture scar and FTSG with equally good results. Patients in the group undergoing release of contracture by Z-plasty had the highest satisfaction mean VAS = 6.83 and 8.06 at 1 and 6 months. Patients in the group having undergone contracture release with SSG had the least VAS score of 5.33. However, patient groups which were managed by FTSG had mean VAS of 7.11 (1 month) and 7.15 (6 months). This study was found to be significant as P -0.0001. This is comparable to study carried out by Iwuagwu et al. who concluded that patients reported better satisfaction with the full-thickness skin grafts (P < 0.048). [9] Olaitan et al. in his study concluded that contractures where release and skin grafting are carried out exhibit the highest recontracture rate. Z-plasty in any form produce good results with minimal complications. [10] Sabet also mentions that the technique of Z-plasty gave better satisfaction as compared to SSG. [11] Postsurgery, patients were advised to maintain affected joints in corrected position by night splintage and pressure garments. Although it is not conclusively proved, how does the pressure garments help; however, their application hastens the scar maturation and encourage reorientation of collagen fibers into uniform parallel pattern. Pressure garments also protect healed skin grafts and help in preventing recurrence of contractures. [12] In our series, four patients developed recurrence of deformity to some extent. There was no evidence of recurrence in patients managed by Z-plasty. Four patients who developed recurrences of deformity happened to be from group managed by release and SSG. This observation was found to be significant (P < 0.001), and such recurrence may possibly be because of lesser compliance of these patients to night splintage and regular use of pressure garments. Pensler et al. compared full-thickness skin grafts with split-thickness skin grafts for reconstructing the palms of 25 children with follow-up of between 3 and 9 years duration. Their results showed that 1.2 operations per hand were required for the split-thickness skin graft group and 1.3 per hand for the full-thickness group. However, there was no recurrence in Z-plasty group. [13] Patients who underwent release of contracture by Z-plasty had least duration of stay in hospital (mean 9.40 days) as compared to patients who had undergone release of contracture and SSG (mean 15 days). This is consistent with the study by Bhattacharya who mentions that if the graft take up is good, the splint can be removed by 2-3 weeks. [14] CONCLUSION • Postburn linear scars fare better than dense scars in terms of esthetics and duration of hospitalization • Dense scars on excision leave a large soft-tissue defect and require soft-tissue cover by skin grafting • If the contracture is released fully and all fibrous tissues are excised from the wound bed, then skin grafts also provide satisfactory results • Excision of contracture scar and cover by FTSG over working surface of digits produces good results • PBCs managed only by release, and SSG may show early recurrence because of remaining scar tissue in the wound bed. Poor compliance of patients for regular use of pressure garments in such cases may also contribute to recurrence, which may require further surgery at a later stage.
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